
Introduction

Agriculture has always been the most important sector of

Bangladesh because of its contribution of food, employment and

almost 20% contribution in national GDP1. In order to maintain

the huge amount of agricultural production, with the application

of high-yielding-seeds and proper fertilizers, huge amount of

quality pesticides have also been used. The excessive application

of pesticides also leads to the accumulation of huge amounts of

pesticide in soil and water affecting food chain and drinking water.

As a result, pesticides became a substantial health hazard due to

the uptake and accumulation of these toxic compounds2.

Bioremediation using microorganisms, like specific bacterial

isolates to transform pollutants to a nontoxic level is getting

popular in the research community as it is less expensive and can

selectively achieve complete destruction of the organic

pollutants3. In order to achieve proper bioremediation, specific

microbial strains that can effectively degrade the pesticide in situ

are required.

Carbofuran with the IUPAC 2, 2-Dimethyl-2, 3-dihydro-1-

benzofuran-7-yl methylcarbamate is a systemic insecticide and

is used mainly to control insects in a wide variety of field crops

including, potatoes, corn and soyabeans and it is highly toxic to

vertebrates including monkey, tiger, dog and rat and it is

particularly toxic to birds.  Carbofuran is an endocrine disruptor

and a probable reproduction/development intoxicant and it has

one of the highest acute toxicities to humans of any insecticide

used on field crops4.

Emamectin benzoate (4"-deoxy-4"-methylamino derivative of

abamectine) is salt with benzoic acid. Emamectin has chloride

channel activation properties and is widely used in controlling

lepidopterous pests and sea lice. Thiamethoxam with the IUPAC

3-[(2-Chloro-1, 3-thiazol-5-yl) methyl]-5-methyl-N-nitro-1, 3, 5-

oxadiazinan-4-imine is a systemic insecticide Thiamthoxam is

also considered as moderately hazardous to human as it is harmful

if swallowed. It is non-toxic to fish and algae, mildly toxic to

birds and highly toxic to midges and bees5.

Various studies suggested that a wide range of microorganisms

are capable of degrading pesticides6. Most notable among the

pesticide degrading bacteria are Pseudomonas, Bacillus,

Flavobacterium, Alcaligenes, Arthrobacter, etc7. Microorganisms

have demonstrated a significant capacity for the metabolism of

the pesticides and their metabolism of pesticide is unique than

other organisms in that they can completely mineralize many

aliphatic, aromatic and heterocyclic compounds8. Isolation of

indigenous bacteria capable of metabolizing specific pesticides

is getting much attention and is considered as an effective tool

for bioremediation of pesticides. The present investigation was

aimed to identify and isolate pesticides degrading bacteria from

soil samples in Bangladesh.

Materials and Methods

Collection of sample from soil

Eight different soil samples were collected from farmlands near

to Savar, Gajipur, Keraniganjand Narayanganjin Bangladesh in
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duplicates. In each case, one sample was collected from soil

contaminated with pesticides and another from pesticides free

soil. Samples were collected in sterile polythene bags and were

transferred aseptically to the laboratory.

Enrichment and Isolation of bacteria

Minimal media containing pesticide as a sole carbon source was

used to isolate pesticide degrading bacteria. Carbofuran,

Emamectin Benzoate and Thiamethoxam pesticides were used

at concentrations of 0.1%, 0.5% and 1% respectively. Bushnell

Haas broth medium containing Cabofuran at different

concentration was used for the initial selective enrichment and

Bushnell Haas agar medium having different concentration of

pesticides was used for the isolation of bacteria9. Initially,

Carbofuran pesticide was the only carbon source for isolating

these isolates in the Bushnell Haas agar. After isolation, these

isolates were subcultered in Thiamethoxam and Proclaim

(Emamectin Benzoate) containing Bushnell Haas agar.

Morphology and Biochemical Identification

All the isolates were cultured on nutrient agar medium to observe

their colony morphology and microscopic observation was carried

out for Gram staining, size and shape. Isolates were characterized

by their response to different biochemical tests including Kligler

Iron agar (KIA), Motility Indole Urease (MIU), Methyl-Red

(MR), Voges-Proskauer (VP), Triple Sugar Iron (TSI), citrate

utilization, catalase and oxidase tests10 according to the methods

described in “ Mannual of Methods for General Bacteriology

(ASM, 1981)”11.

Molecular characterization of the isolates

Amplified rDNA restriction analysis (ARDRA) method and

partial sequencing of 16S rDNA gene of the isolates were

performed for molecular characterization of the isolates. Bacterial

DNA was prepared by standard boiling method. PCR was

performed to generate 16s rDNA amplicons using forward primer:

52 -AGAGTTTGATCMATGGCTCAG-32  and reverse primer:

52 -GGTTACCTTGTTACGACTT-32 12.Using this universal

primer set the product size would be 1466 bp. Reaction conditions

of thermal cycler were: initial denaturation at 95 °C for 5 min,

followed by 35 cycles of 1 min at 94 °C, 1 min at 58 °C, and 1

min at 72 °C with a final extension of 10 min at 72 °C. For

ARDRA, a single restriction enzyme AluI (Thermo Fisher

Scientific, USA) was used for the digestion of 16s rDNA

amplicons overnight at 37 °C13. After digestion, the products

were resolved in 1.5% agarose gel using 100 bp DNA ladder as

size marker. For partial sequencing of 16S rDNA gene, the 16s

rDNA amplicons were purified with the Wizard PCR SV Gel

and PCR Clean-Up System kit (Promega, USA). The purified

PCR products were sequenced by automated cycle sequencing

from DNA sequencing lab of First BASE Laboratories, Malaysia.

Bioinformatic analysis

Sequences were assembled in SeqMan Genome Assembler and

the complete sequences were blasted at NCBI to identify

individual strains. Phylogenetic and molecular evolutionary

analyses were conducted using the MEGA version 7.0 software

package. Trees were generated using neighbor-joining algorithm

with 1000 bootstrap replication14.

Results

Isolation and Morphological Characterization

6-Different bacterial isolates that can degrade all 3 pesticides

analyzed were screened from the soil samples and named as PDB-

1, PDB-2, PDB-3, PDB-4, PDB-5 and PDB-6.Initially, 1.0%

carbofuran was the only carbon source for isolating these bacteria

in the Bushnell Haas agar media. After isolation, these isolates

were grown in Bushnell Haas Media containing1.0%

Thiamethoxam and 1.0% Emamectin Benzoate for screening

isolated bacterial colony characteristics on Bushnell Haas agar

and nutrient agar medium were recorded and microscopic

observation was carried out after Gram staining. Among the 6

isolates 4 were Gram negative and 2 were Gram positive

(Figure 1).

Biochemical Characterization

The presumptive identification Weser performed using the

biochemical tests that are listed in the Table-1. Some of the

biochemical properties of the isolates are presented in Table 1

Molecular Identification of the bacterial isolates

Bacterial 16S rDNA gene was amplified by universal 16S rDNA

specific primers. The expected product of around 1.5kb (1466

bp exactly) was observed in case of all isolates. The results are

PDB-1, Gram positive

PDB-5, Gram positive

PDB-3, Gram negative

PDB-2, Gram negative

PDB-4, Gram negative

PDB-6, Gram negative

Figure 1. Microscopic observation of the 6 bacterial isolates

after Gram reaction
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demonstrated in Figure 2 which shows a distinct single band.

ARDRA analysis using this amplified 16S rDNA digested with

Alu1 restriction enzyme showed 3 ARDRA patterns (Figure-3),

pattern 1 includes PDB2, PDB3 and PDB4, pattern 2 includes

PDB6, while pattern 3 includes PDB1 and PDB5. This three

patterns matches with the biochemical tests.  After carrying out

ARDRA analysis, 3 strains PDB1, PDB2 and PDB6 were selected

from each of the ARDRA patterns for 16SrDNA sequencing. .

The phylogenetic tree was constructed using MEGA software

after multiple alignments with 16S rRNA gene sequences of other

bacteria with CLUSTALW. The obtained sequence data were

compared using 1466 bases. Distances (distance option according

to the Kimura two-parameter model) and clustering with the

neighbor-joining method were determined by using bootstrap

values based on 1000 replications. The result is displayed in

Figure 4. It is observed that the isolated strain PDB-2 has

Table1. Biochemical Characteristics of the isolates

Name of test PDB-1 PDB-2 PDB-3 PDB-4 PDB-5 PDB-6

Catalase + + - - + +

Oxidase + + + + + +

Urease + - - - + +

KIA Glucose + Glucose - Glucose + Glucose + Glucose + Glucose +

Lactose - Lactose - Lactose - Lactose - Lactose - Lactose -

H2S - H2S - H2S - H2S - H2S - H2S -

Indole - - - - - -

MR test - - - - - -

VP test - - - - - -

Citrate + + + - + -

Nitrate   - + + + - +

Figure 3. Overview of patterns obtained after Amplified Ribosomal DNA Restriction Analysis. Here, marker- 100 bp ladder and (+)

control – uncut 16sr DNA PCR product. Pattern-1 includes PDB2, PDB3, PDB4; Pattern-2 includes PDB6; and pattern-3 includes

PDB1 and PDB5

Figure 2. Amplification of 16S rDNA [Here, Marker- 1kb ladder, PDB 1-6 contain approximately 1.5 kb band and PC- positive

control]

 

1466 bp 
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similarity with Achromobacter spanius and PDB-6 has similarity

with Diaphorobacter polyhydroxybutyrativorans.PDB1 could not

be identified due to the poor output of the 16SrDNA sequence

data.

Discussion

All the pesticides have in common that they are applied

extensively over large areas in urban and rural areas and these

persist in the environment for long time and the residues of many

pesticides have been found in drinking water 15. A quick and

robust bioremediation is essential. The present study thus takes

the purpose of identifying indigenous bacteria in soil samples in

Bangladesh for bioremediation of pesticides from the agriculture-

based lands in Bangladesh.

Four different locations of Bangladesh were selected for the

collection of soil samples and was performed as previous reports

suggested the isolation of some pesticide degrading bacteria from

pesticide-applied land only16-17. This is because the adaptation of

the bacteria with the pesticides and also in many cases, pesticides

increased the growth rate of the bacteria that can degrade

pesticides18, 19. Using minimal media like Bushnell Haas allows

the sole carbon source as pesticides and hence, it is easy to void

the bacteria that are not able to degrade pesticides. Hence, those

bacteria that could grow in 3-5 days in this study are those who

can actually degrade the pesticides that were applied. Although,

metabolite studies are not conducted, it can be assumed that

chemical and enzymatic pesticide hydrolysis have been occurred.

Pesticide degrading bacteria that were identified so far includes

both Gram positive and Gram-negative bacteria20. This study

also revealed both Gram-positive and Gram-negative bacteria,

although we could not identify properly the Gram-positive

bacteria because of the inefficient sequencing data. The

sequencing program were run through BLAST program in NCBI

and it was found that the query sequence of PDB-2 matched 99%

with the 16S ribosomal RNA sequence (JQ659793.1)

Achromobacter spanius strain R5-793; while the query sequence

of PDB-6 matched 98% with the rRNA sequence of (NR

137222.1) Diaphorobacter Polyhydroxybutyrativorans strain SL-

205.The phylogenetic tree constructing by neighbor-joining

method further revealed that PDB-2 is similar to Achromobacter

spanius and PDB-6 is similar to Diaphorobacter

polyhydroxybutyrativorans strain.  The members of the isolated

genera, Achromobacter and Diaphorobacter have the

biodegradation capability of other pesticides reported by others

researchers 10, 21, 22. Thus, this study holds great potential in the

bioremediation of pesticides. Very little information is available

on pesticides degrading bacterial isolates that can be used

practically to treat pesticides contaminated soil. The present study

indicates that the bacteriaAchromobacter spanius and

Diaphorobacter polyhydroxybutyrativorans were isolated from

farmland can degrade pesticides at very low concentration. These

strains can be improved through different biotechnological

methods to treat contaminated soil.
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